We present new palaeomagnetic results from the Transbaïkal area (SE Siberia), from the Mongol-Okhotsk suture zone, the boundary between the Amuria and Siberia blocks. In order to better constrain the time of closure of the Mongol-Okhotsk Ocean in the Mesozoic, we collected 532 rock samples at 68 sites in six localities of basalts, trachy-basalts and andesites, from both sides of the Mongol-Okhotsk suture: at Unda river (northern side. Progressive thermal demagnetization enabled us to resolve low (LTC) and high (HTC) temperature components of magnetization at most sites. Jurassic palaeopoles computed from the HTCs show a large discrepancy with respect to the Apparent Polar Wander Path of Eurasia, which we interpret in terms of 1700-2700 km of post-Late Jurassic northward movement of Amuria with respect to Siberia. Although geological data suggest a middle Jurassic closure of the Mongol-Okhotsk Ocean in the west Trans-Baikal region, our data give evidence of a large remaining palaeolatitude difference between the Amuria and Siberia blocks. In contrast, Early Cretaceous sites cluster remarkably well along a small-circle, which is centred on the average site location. This implies the absence of post-Early Cretaceous northward motion of Amuria relative to Siberia, and demonstrates the pre-Early Cretaceous closure of the Mongol-Okhotsk Ocean. Finally, we interpret the very large tectonic rotations about local vertical axes, evidenced by the small-circle distribution of poles, as arising both from collision processes and from left-lateral shear movement along the suture zone, due to the eastward extrusion of Amuria under the effect of the collision of India into Asia.
with palaeomagnetic sampling localities of the present study (stars); bold grey hatched line: Mongol-Okhotsk geosuture. The localities are: (1)-Unda-Daya Depression (Tergen Formation, Late Jurassic); (2)-Kremljevka peak basalts (Early Cretaceous), (3)-Torey lakes basalts (Early Cretaceous), (4)-Monostoy Ridge basalts (Early Jurassic), (5)-Ingoda river basalts (Early Cretaceous), (6)-Bichura basalts (Early Cretaceous); the circled letter R is the reference point used in Table 3 and Fig. 10 .
Late Jurassic in eastern Transbaikalia and Cretaceous in the Amur province, the far eastern part of south Siberia (Kuzmin 1985; Zonenshain & Kuzmin 1997) . This eastward progression towards younger ages has been interpreted as a progressive, scissor-like, closure of the Mongol-Okhotsk Ocean separating these two landmasses. In this scheme, the collision of Amuria with Siberia began at the end of the Carboniferous in the west and terminated in the east at the beginning of the Cretaceous.
Existing palaeomagnetic studies in this region are quite scarce, but they do not contradict this idea. Geological and palaeomagnetic evidence (Pruner 1992) show that Amuria and the NCB were accreted together by the Late Carboniferous. Xu et al. (1997) noted a large palaeolatitude discrepancy between Amuria and Siberia in the Permian. Kravchinsky et al. (2002) reappraised the data of Xu et al. (1997) , which come from the Chita region, south of the suture, and reach similar conclusion. Palaeomagnetic data from the NCB and South China Block (SCB; Lin et al. 1985; Zhao Coe 1987; Huang & Opdyke 1991; Enkin et al. 1991 Enkin et al. , 1992 Yang et al. 1992; Gilder et al. 1993 Gilder et al. , 1996 Gilder & Courtillot 1997; Yang & Besse 2001) are consistent with this model. They show that the continental landmass composed of Amuria, NCB and SCB was not accreted to Siberia before the Cretaceous, implying a large oceanic gap (the Mongol-Okhotsk Ocean) between Amuria and Siberia before that time. A preliminary palaeomagnetic study of Cretaceous volcanics from the Amur province (Halim et al. 1998a ) appears to confirm that the Mongol-Okhotsk Ocean had closed by the Early Cretaceous. Finally, apart from the first results of Kravchinsky (1995) and Kuzmin & Kravchinsky (1996) , published in Russian, and the more recent study of Kravchinsky et al. (2002) , few detailed palaeomagnetic results are yet available from within the suture zone itself. In particular, no Early Cretaceous palaeomagnetic results have ever been published from the southern Siberian and northern Amurian regions.
In order to complement data from Kravchinsky et al. (2002) , which only constrain the history of Mongol-Okhotsk geosuture prior to the Late Jurassic, and those from Halim et al. (1998a) , we present here new results of a palaeomagnetic investigation of samples from six Early Jurassic to Early Cretaceous localities situated on both sides of the Mongol-Okhotsk suture zone.
SAMP L I N G A N D PA L A E O M A G N E T I C A N A LY S I S
In order to constrain the past large-scale motions that have occurred between Amuria and Siberia, we have carried out during the summer 1997, in the framework of a Franco-Russian cooperation programme, a field trip along the Mongol-Okhotsk suture in the Trans-Baikal area of Siberia, during which Jurassic and Early Cretaceous volcanics were sampled. During this field trip, we collected 532 cores at 68 sites in six localities from both sides of the suture (Table 1, Fig. 1 ). In general, eight cores were drilled at each site using a gasoline-powered drill, and oriented in situ using magnetic and, whenever possible, sun compasses, in order to check and correct orientations for local magnetic field declination.
A summary of this collection is given in Table 1 . All the localities which are basalts, trachy-basalts and trachy-andesites have been dated, either by stratigraphy (e.g. localities 1, 3 and 6), and/or using radiometric methods (localities 2, 3, 4 and 5). In general, magnetic field declinations we measured in the field are in good agreement with the declination computed for summer 1997 from the IGRF 1995 coefficients and their time derivatives. A noticeable exception is the Kremljevka peak locality (locality 2) where very high intensities of natural remanent magnetization (NRM), which are probably due to lightning strikes on the outcrop, as discussed below, probably disturb magnetic compass readings. Whenever possible, measured declinations were used to correct field magnetic azimuths, otherwise (sites 1, 2, 3), we used the IGRF declination of −9.0 • at that place.
Standard cores of 2.5 cm diameter were cut into 2.3-cm-long specimens in the palaeomagnetic laboratory of the Institut de Physique du Globe de Paris (IPGP)/Université de Paris 7. All the magnetic measurements were performed in a magnetically shielded room. Remanent magnetizations were measured using a 2G enterprises threeaxis cryogenic magnetometer. Specimens from the Kremljevka peak locality were measured on a JR-5 spinner magnetometer, due to their high NRM intensities. Specimens were thermally demagnetized up to 580 • C or 685 • C. Acquisition of isothermal remanent magnetization (IRM) experiments were performed in order to help identify the magnetic minerals. Palaeomagnetic directions at the specimen level were determined using principal component analysis (Kirschvink 1980) . Site-mean and overall mean directions were computed using Fisher (1953) statistics. All the interpretations and data processing have been done using the PaleoMac software package we developed at IPGP (Cogné 2003) .
RESU LT S

Amuria block
Late Jurassic Tergen Formation-Unda river locality
From the 12 sites sampled in the Late Jurassic (J 3 ) Tergen Formation, 5 sites (13-17) were taken in basalt flows, and 7 sites (18) (19) (20) (21) (22) (23) (24) in interbedded trachy-andesites. A difference exists between these two groups regarding NRM intensities, which are of the order of 0.1-1 A m −1 for the basalts, and 0.01-0.1 A m −1 for the trachyandesites. Thermal demagnetizations (Figs 2a and b) isolated a lowtemperature component (LTC) between NRM and 300 • -400 • C in most specimens. This LTC, which is well defined in 10 out of the local magnetic field declination computed for the summer 1997, after the IGRF coefficients of 1995 and their time derivatives; Notes: ( 1 ) The Tergen Formation overlies the J 2−3 Shadaron Formation, which has been palaeomagnetically studied by Kravchinsky et al. (2002) ; ( 2 ) two groups of flows (29-35 and 25-28 plus 36-38) separated by 1 km; the lateral relationships between these different stacks of flows is difficult to assess. is negative at the 99 per cent probability level, and the in situ average direction of LTC conforms to the present-day geocentric axial dipole (GAD) field direction (D = 0 • , I = 68.7 • ). Therefore, the LTC is interpreted as a recent magnetization, of either viscous or weathering origin. After removal of this LTC, the behaviour of magnetization is drastically different between specimens taken from basalts and those coming from andesites. In the first case (sites 13-17; Figs 2a and b and Table 2 ), a well-defined high-temperature component (HTC) directed downward in a northerly direction and converging toward the origin of orthogonal vector plots (Zijderveld 1967) is isolated between 400 • C and 580 • C. This maximum unblocking temperature indicates that the HTC is carried by magnetite. For these basalt flows, the HTC shows a very good cluster both within and between sites ( Fig. 2e ; Table 2 ).
Samples of andesites (sites 18-24) show different and less wellbehaved demagnetization paths. As shown by specimen 21-166 (Figs 2a and b), NRM partly demagnetizes between 400 • C and 580 • C, then stabilizes between 580 • C and 650-670 • C and falls rapidly to zero at 680 • C. This indicates the presence of haematite. Furthermore, due to the very low intensity of magnetization in these samples, the later demagnetization steps were often noisy (specimen 22-173a, Fig. 2a ), probably because of spurious magnetizations due to thermal alteration of the samples during the experiments. In this group of sites, the HTC could be resolved in only 23 out of the 44 specimens demagnetized. Note that the magnetization of specimen 22-173a in Fig. 2 (a) evolves toward a southerly upward direction, which is quite rare, most of the samples of sites 18-24 giving normal, albeit scattered, north and downward HTC. Because it was impossible to define a within-site mean direction at all of the sites 18-24, and because of large scatter of individual HTC of these andesites, as illustrated in Fig. 2(d) , we computed a single average of all the specimen HTC that could be resolved in these sites. As may be seen in Fig. 2(d) , 4 out of the Table 2 . This overall mean, computed at the specimen level for sites 18-24, is assumed to characterize the poorly defined average HTC of andesites, and is given the same weight as each of the basalt sites 13-17 in the computation of the final average of Tergen Formation magnetization. The final mean for the Late Jurassic Tergen Formation is: D g = 7.5 • , I g = 55.3 • (k g = 164.4, α 95 = 5.2 • ) in situ, and D s = 343.7 • , I s = 40.6 • (k s = 407.7, α 95 = 3.3 • ), n = 6 after tilt correction ( Fig. 2e , Table 2 ). Although the population appears to cluster upon untilting, the k s /k g value of 2.480, compared to the F statistics of 2.970 and 4.850 at the 95 and 99 per cent probability levels, indicates an inconclusive fold test, following either McElhinny (1964) or McFadden (1990) . This is not surprising, considering the small angle between the tilt of the different sites, and the fact that the increase in k parameter is mainly due to one poorly defined average (sites 18-24 mean) joining the group of sites 13-17. However, because neither in situ nor tilt-corrected (TC) populations contain the present-day dipole field direction, and although most of the sample display normal polarity directions, with almost no reverse ones, we assume that the tilt-corrected HTC average is the characteristic remanent magnetization of Late Jurassic age for this formation.
Kremljevka Formation Early Cretaceous basalts
Although IRM acquisition curves ( Fig. 3a ) provide evidence for a single low-coercivity magnetic carrier, thermal decay of magnetization ( Fig. 3b , specimen 07-51) clearly shows two unblocking temperature ranges, one at 350 • -400 • C, followed by a higher one around 580 • C. Although the temperature spectra appear to be well separated on magnetization decay curves, simple thermal stepwise demagnetization appeared inefficient in separating multicomponent magnetizations (e.g. Fig. 3c , spec. 07-51). We thus adopted a composite demagnetization procedure, where the low-coercivity, lowtemperature magnetic carrier was demagnetized first using two thermal demagnetization steps, up to 200 • C, followed by a few steps in alternating field (AF) demagnetization up to 60 mT. Complete demagnetization is then achieved by thermal demagnetization from 300 • C to 580 • C. (Fig. 3b , spec. 02-17b). This allowed us to remove a strong magnetic component ( Fig. 3d ), representing 30-95 per cent of the total NRM intensity, and responsible for the abnormally high NRM intensity values (often ranging 100-200 A m −1 ) characteristic for the samples of this locality. This low-coercivity, LTC has been resolved in 53 specimens, and is shown in Fig. 3(e) , where it appears to be completely inconsistent, except for a tendency to show low-to-intermediate inclinations. Altogether, these observations (low coercivity, high intensity, large scatter) lead us to interpret this component as probably being an IRM due to lightning strikes.
After removing of this LTC, composite demagnetization treatment allowed us to isolate a stable, HTC magnetization between 400 • C and 580 • C at each site (Figs 3d and f: Table 2) . Although it was difficult to resolve in some sites (e.g. sites 3 and 8, Table 2 ), because of the strong IRM overprint, it is generally well defined. The HTC shows systematic north downward directions ( Fig. 3f ) and averages as D g = 357.1 • , I g = 64.3 • (k g = 75.9, α 95 = 5.0 • ) and D s = 355.6 • , I s = 69.7 • (k s = 89.6, α 95 = 4.6 • ), n = 12 sites, in geographic and stratigraphic coordinates, respectively. Although the HTC population tends to cluster upon untilting, the k s /k g ratio 0 270
In Situ of 1.180 indicates an inconclusive fold test, which is due to the low tilt of the flows. We finally note that the in situ average does not contain the present-day IGRF or dipolar field directions, but that the TC one does. This curious situation will be discussed below.
Early Cretaceous Torey Formation basalts
We sampled two outcropping flow stacks, separated by 1 km, one made of seven superposed flows (sites 29-35), the other one includ-ing superposed flows 25-28 and 36-38. Thermal demagnetization of the basalts of the Torey lakes locality ( Fig. 4 ) reveals two magnetization components, although IRM acquisition curves (Fig. 4a ) suggest a single, low-coercivity, magnetic phase. A first, LTC demagnetizes between NRM and 300 • -400 • C. The relative contribution of LTC to the total NRM is variable, ranging from a few percent (e.g. specimen 29-223, Fig. 4b ) to more than 90 per cent (specimen 27-208, Fig. 4c ). There is no clear relationship between the LTC percentage and the NRM intensity, which averages 0.630 ± 0.570 A m −1 (n = 81), but the group of flows 29-35 generally shows a weak LTC, except site 35 where it prevails, whereas the other sites show fairly high to predominant LTC. This component has been resolved in 10 out of the 14 sampled flows and it averages at: D g = 7.5 • , I g = 65.4 • (k g = 166.9, α 95 = 3.8 • ), n = 10 in in situ coordinates (Fig. 4d ). The k parameter decreases from 166.9 to 120.0 upon untilting, which is not significant at the 95 per cent probability level, mainly because of the very small dips of the flows (Table 2) . However, the in situ average contains the present-day GAD field direction (D = 0 • , I = 67.3 • ), and is therefore assumed to be a recent overprint.
After removal of this LTC, thermal demagnetization reveals a HTC, which generally unblocks between 500 • C and 560 • C, with a few samples yielding a slightly higher unblocking temperatures of 610 • -630 • C (e.g. specimen 29-223, Fig. 4b ). Indeed, we find again that this component may be easily defined in specimen from flows 29 to 34 (specimen 29-223, Fig. 4b ) where the LTC is weak, and with more difficulty in the other sites. In effect, because of the weak intensity of the HTC, demagnetization trajectories very seldom converges towards the origin (e.g. specimen 27-208, Fig. 4c ). In that case, we have used the remagnetization circle method (Halls 1978) , and computed the within-site means (Table 2) using the combined average of vectors and planes of McFadden & McElhinny (1988) .
Except for only two specimens from site 37, the HTC shows systematic south to southeast upward directions (Table 1) , or, in the case where HTC could not be isolated, the remagnetization circles ( Fig. 4c) Here again, we find a difference between the two sampled outcrops ( Fig. 4e ). Whereas the flows 29-34 (Group 1) show high within-site cluster and south upward directions, the second group (except site 37) show less well-defined within-site means, and southeasterly declinations. This larger scatter at the site level for the Group 2 data probably arises from the poor separation of LTC and HTC, leading us to compute site means using mixed statistics of vectors and great-circles, as mentioned above. One could evoke the same cause for the southeast declinations of this group. In effect, a poor separation of HTC from LTC could deflect the average toward the east, on the great-circle joining the HTC to the LTC. However, in sites 28 and 36 pertaining to this group, the averages have been obtained from HTC clearly converging to the origin of the Zijderveld plots, and it seems unlikely that there is a total overlapping of LTC and HTC unblocking temperature spectra, at least in these two sites.
We have computed an average for each group of flows (Table 1 , Fig. 4e ). The mean of Group 2 includes the average great-circle of site 26. Because the flows of Group 1 are flat lying, and those from the Group 2 have very similar tilts, none of these averages allows a fold test. However, one may note that untilting produces a clustering in inclinations between the two groups. In effect, the difference in inclination between the two means is 18.2 • ± 12.0 • before, and 3.5 • ± 12.0 • after tilt correction. This feature is also evidenced by the computation of the average inclination for all the data (excluding site 26 mean great-circle), following the statistics of McFadden & Reid (1982) , which averages as I g = −44.5 • , k g = 24.2, α 95 = 8.9 • in situ, and I s = −51.7 • , k s = 75.1, α 95 = 5.0 • , n = 12 after tilt correction (see small circles in Fig. 4e ). The k s /k g ratio of 3.103 is above the F statistics of 2.050 and 2.816 at the 95 and 99 per cent probability levels. Although not very strong, this indicates a positive inclination-only test, and we therefore assume that HTC are indeed the primary magnetization of these basalts.
Although the above analysis of inclinations is sufficient to confidently determine a palaeolatitude for Torey lakes basalts, we attempted to compute a single average for all the sites, making the assumption that the difference in declination between the two groups arises from a relative rotation of the sampled outcrops around a vertical axis. Arbitrarily taking the Group 1 HTC directions as a fixed reference, we have computed a mixed average between these HTC and small-circles passing through the HTC site mean directions of Group 2. This average is an extension of the combined statistics of McFadden & McElhinny (1988) to the case of populations of small-circles and vectors, as proposed by Enkin (1990) . This combined average is given in Table 2 and illustrated in Fig. 4(f) . It is (in normal polarity): D g = 350.0 • , I g = 44.6 • (k g = 33.7, α 95 = 7.8 • ) and D s = 350.0 • , I s = 51.8 • (k s = 94.9, α 95 = 4.6 • ), n = 12 sites, in geographic and stratigraphic coordinates, respectively. Here too, the k s /k g ratio of 2.816 is higher than the 95 and 99 per cent F values of 2.050 and 2.790, indicating a positive fold test. Indeed, we stress that this assumption of a fairly large relative rotation of Group 2 sites (44.1 • ± 19.3 • ) is quite weak, in particular because we do not have any field observation allowing this to be confirmed. As a consequence the tilt-corrected HTC average can be considered as confidently determined in inclination only, the declination being doubtful. However, interpretations in terms of palaeolatitude of the Torey lakes locality will not be affected by this uncertainty.
Our final discussion on these data concerns the polarity of HTC. As pointed out above, apart from two specimens from site 37, all the resolved HTC directions exhibit reverse polarities. Assuming the HTC are the primary magnetizations of these Early Cretaceous basalts, this may indicate that it has been acquired before the Long Normal Cretaceous superchron, and that the basalts have been emplaced in a relatively short time during a reverse polarity chron. Taking into account the 120 Ma age based on stratigraphic arguments and on early K-Ar dating (Cherbanova & Zvonkova 1966) , the single reverse polarity of the data could indicate a slightly older age (around 124 Ma, at the time of the 3-Myr-long M3 reverse magnetic anomaly?). However, a new and precise dating of the basalts is definitely needed to answer this question.
Siberia block
Early Jurassic Monostoy basalts and trachy-basalts
We thermally demagnetized 56 specimens (Fig. 5 ) from seven sites of Monostoy basalts and trachy-basalts. Two kinds of behaviour were observed in these samples. A first group (sites 62-66 and 68) exhibited high unblocking temperatures around 600 • -680 • C, typical of haematite (e.g. specimens 62-482A and 64-497, Fig. 5 ), whereas the second (sites 61 and 67) demagnetized by 560 • C (e.g. specimen 61-477A, Fig. 5 ), which suggests that magnetite is the carrier of the HTC. The HTC defined in these ranges eventually follows a LTC that is defined in the 0 • -200 • C temperature range in the first group, and in the 0 • -350 • C temperature range in the second group. This LTC represents variable amounts from 0 to 90 per cent of the total NRM, and was the dominant magnetization component in samples from sites 61 and 67. At these sites, HTC is poorly defined. Overall, LTC directions are found to be inconsistent, and may be of viscous origin. In the other sites, HTC is generally well defined in the The site-mean directions of the HTC from sites 61, 62, 63, 66 and 67 are reasonably well grouped (Table 2, Fig. 5c ). In contrast, sites 64 and 68 data are clearly divergent. It should be noticed, following field observations, that we have had real difficulties in estimating the flow dips in the field, due to the very poor outcropping conditions of the Monostoy basalts in the Siberian taiga. In particular, the strike of flows 64 and 68 appears anomalous with respect to the other sites (Table 2) . For these reasons, we assume that the tilt correction of sites 64 and 68 may be inadequate, and we have excluded them from the final mean for the Monostoy Formation. The HTC directions of the five remaining sites average at D g = 316.1 • , I g = 60.6 • , k g = 23.4, α 95 = 16.1 • in situ and D s = 105.6 • , I s = 80.6 • , k s = 40.0, α 95 = 12.2 • after tilt correction (Table 2, Fig. 5c ). Both McElhinny (1964) and McFadden (1990) fold tests are inconclusive, which is mainly due to the fact that all the measured flows dip in the same SE direction. However, we note that neither the in situ, nor the TC directions conform the present-day dipole field or IGRF directions, and we make the assumption that the TC average HTC direction of Monostoy may represent the Early Jurassic magnetic field in the region.
Early Cretaceous Ingoda river basalts
An IRM acquisition example is presented in Fig. 6(a) . It shows that the magnetization increases in fields up to 0.23 T. However, in contrast to the previous examples, no saturation is reached above this value. Instead, the magnetization intensity keeps increasing and does not reach saturation up to a field of 1.2 T. These observations suggest the presence of at least two magnetic minerals with low and high coercivities.
Thermal demagnetization (Figs 6b and c) shows a quite simple behaviour. After a small low-temperature, viscous component removed by 250 • C (e.g. specimen 47-364, Fig. 6c ), magnetization generally shows a regular decrease, with a stable direction revealing a single HTC of magnetization ( Fig. 6c ) with systematic northeast downward directions. In most sites, this component is carried by three magnetic minerals (Fig. 6b ): a first one which unblocks between 350 • and 450 • -500 • C, a second one which unblocks between 500 • C and 580 • C and is probably magnetite, and the last one which unblocks between 580 • and 650 • -680 • C and is probably haematite, also responsible for the high coercivity observed in IRM curve (Fig. 6a) . Haematite, which generally carries no more than 3-5 per cent of the total NRM, is present in all but sites 39 and 47, where the magnetization is destroyed at 580 • C. The demagnetization paths at the specimen level allowed computation of site-mean directions at all sites, but the horizontal flows prevented us from performing a fold test. The between-site mean direction (D m = 52.8 • , I m = 69.8 • , k = 150.5, α 95 = 3.5 • , n = 12; Table 2 ) does not contain either the dipolar field direction or the IGRF direction.
Early Cretaceous Bichura basalts and trachy-basalts
Thermal demagnetization of samples from Bichura (Fig. 7) shows a variety of behaviours, as illustrated by the thermal decay curves of Fig. 7(a) . The NRM, which ranges between 0.02 and 6.0 A m −1 , is completely unblocked by 580 • -600 • C (specimens 53-412a, 56-438) in some sites, or by 685 • C (53-408a, 58-455) in others. This indicates the occurrence of both haematite and magnetite within these samples. The relative contribution of haematite to the total NRM ranges from 0 in sites 52 and 54 to 56, to 100 per cent in sites 57 and 58, and with variable amounts of the order 5-30 per cent in sites 51, 53, 59 and 60. This contribution of haematite may even be variable within single flows, as illustrated by the curves of speci-mens 53-408a and 53-412a from the same site (Fig. 7a) , and there is no clear correlation between this contribution and the average NRM intensity at each site.
Regarding the directions (Fig. 7b ), orthogonal vector plots indicate a HTC carried by either haematite (58-455) or magnetite (53-412a, 56-438), or by both (53-408a). In some cases, the HTC could not be precisely determined (e.g. specimen 52-400a), and remagnetization great-circles were used to compute mixed averages at the site level. This HTC was resolved after removing a LTC, which unblocks by 300 • -400 • C. The LTC was not always observed (e.g. specimen 58-455, Fig. 7b ), and was isolated in only 30 specimens out of 66. At the specimen level, the LTC is very scattered (Fig. 7c ), but with an obvious tendency to cluster around the present-day dipole field and IGRF directions. The HTC generally shows upward negative inclinations in a north to east direction (e.g. 56-438 and 58-455, Fig. 7b Figure 7 . (Continued.) directions are shown in Fig. 7d , in situ and after tilt correction. Site 51 shows an anomalous subhorizontal eastward direction and it has been excluded from the final overall mean which averages (in normal polarity) at D g = 205.7 • , I g = 69.1 • (k g = 10.2, α 95 = 16.9 • ) in situ, and D s = 257.3 • , I s = 74.1 • (k s = 29.2, α 95 = 9.7 • ) n = 9 sites, after tilt correction. The tilt correction improves the clustering of data, as illustrated by the reduced α 95 (Fig. 7d ). However, compared to the F statistics at the 95 per cent (2.330) and 99 per cent (3.370) levels, the k s /k g ratio of 2.863 indicates a positive fold test at the 95 per cent probability level and an inconclusive one at the 99 per cent level, following McElhinny (1964) , and an inconclusive fold test at both levels following McFadden (1990) . Altogether, and although it is not very well grouped, we interpret the tiltcorrected HTC as the primary magnetization of Bichura basalts and trachy-basalts.
DISC U S S I O N
Thermal (or composite) demagnetizations allowed us to isolate a stable, high temperature magnetization component (HTC) at each of the 6 localities studied. In most localities, except the Ingoda river locality, this component was separated from a LTC, which, except from Kremljevka peak and Monostoy basalts, conforms to the present-day dipole field axis at the sampling sites and is, therefore, interpreted as a recent overprint. In the Kremljevka peak basalts, the low coercivity/intermediate temperature LTC resolved by composite AF+thermal demagnetizations appeared to have anomalously high intensities, scattered shallow inclinations, and was interpreted as an IRM overprint due to lightning strikes.
Site-mean HTCs display either a single polarity (localities 1, 2, 5), or only one site per locality with a reverse direction (localities 3, 4, 6), preventing us from performing a convincing reversal test. A fold test could be performed only at the Bichura locality (6), where it is positive at the 95 per cent probability level, and inconclusive at the 99 per cent level, and at the Torey lakes locality (3), where it is positive at both levels, but only after assuming that some of the sites have been rotated about vertical axes with respect to the others. In all other localities, because of monoclinal structures and/or flat-lying beds, no fold test could be performed. Altogether, these observations mean that we have no strong stability tests to ascertain the primary origin of resolved HTC in localities 1, 2, 4 and 5. However, because in no case HTC does conform to the present-day (or a recent) dipole field axis in in situ coordinates, we make the assumption that we have isolated the primary magnetization at most studied sites. As will be seen in the following discussion, however, the J 3 Unda river Tergen Formation results are not so easily interpreted, and both in situ and TC directions will be discussed in more details in that case.
We have computed the palaeopoles from the TC average directions of HTC as given in Table 2 , except for the Tergen Formation where we have computed the palaeopoles corresponding to both in situ and TC average palaeomagnetic directions. These palaeopoles are listed in Table 3 and illustrated in Figs 8 and 9 . In the following, we first discuss the Jurassic, and then the Early Cretaceous results together with other coeval poles available for surrounding Asian blocks, as well as the appropriate parts of the Eurasian Apparent Polar Wander Path (APWP) of Besse & Courtillot (2002) , and the NCB APWP of Gilder & Courtillot (1997) . , and attributed to the average location of localities; ( 2 ) K 1 UCB pole computed after the K 1 NCB and SCB poles listed in Table 2 of Halim et al. (1998a) , and attributed to an arbitrary reference site in NCB.
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The Early Jurassic Monostoy pole, from north of the Mongol-Okhotsk suture zone (Table 3, Fig. 8) , computed after the TC mean direction of Table 2 , exhibits a rather large dp/dm ellipse of confidence of 22.7 • /23.6 • . Although this 188 Ma pole is not located near the Eurasia reference APWP, we note that this discrepancy arises from a clockwise rotation of 119.3 • ± 74.0 • around the site location with respect to the 190 Ma reference pole, whereas it shows an insignificant palaeolatitudinal movement of 3.5 • ± 18.5 • . Because of its large uncertainty, firm conclusions cannot be drawn, but we suggest that it may result from tectonic movements along the Mongol-Okhotsk suture, either due to the closure of the Mongol-Okhotsk Ocean, or to the later Tertiary left-lateral shear along the suture as discussed below. It is interesting to note that the path described by our J 1 Monostoy pole, followed by the J 3 Badin pole (Kravchinsky et al. 2002) conforms to the reference APWP from ∼190 Ma to ∼140 Ma. Notwithstanding their rather large uncertainties in both position and age, we underline that these two Siberia block palaeopoles are consistent with the Early-Late Jurassic part of the European APWP in terms of palaeolatitude.
Because of the lack of any stability test, we have to consider that the average HTC of the Late Jurassic (J 3 ) Tergen Formation ( Table 2) obtained south of the suture for Amuria block, may be either the primary (pre-tilting) magnetization, or a remagnetization. For this reason, we have computed the palaeopoles from both in situ and TC mean HTC (Table 3, Fig. 8 ). As mentioned above, the Middle-Late Jurassic (J 2−3 ) underlying Shadaron Formation has been studied by Kravchinsky et al. (2002) who encountered the same difficulty in choosing between the in situ and TC poles as characteristic of the Amuria block. For this reason both in situ and TC Shadaron J 2−3 palaeopoles are drawn in Fig. 8 and given in Table 3 . These J 2−3 and J 3 poles are compared to the J 3 Manzhouli and Hua'an poles obtained by Zhao et al. (1990) in Inner Mongolia, which is part of the Amuria block, and to the United China Block (UCB, which is composed of NCB plus SCB) J 3 palaeopole of Gilder & Courtillot (1997) .
Our Tergen palaeopole is difficult to interpret. In effect, as is obvious in Fig. 8 , the TC pole shows a large discrepancy, in both latitude and declination, with respect not only to the European APWP, but also to the APWP for the NCB, the UCB J 3 pole and, more puzzling, other good quality poles of Zhao et al. (1990) . This would imply, for example, a northward movement of our sampling area of ∼25 • with respect to the UCB since the Late Jurassic, or even more unacceptable, of ∼15 • with respect to the Hua'an and Manzhouli palaeopoles (Zhao et al. 1990 ) from the Amuria block itself. Furthermore, compared to the J 2−3 Shadaron TC pole of Kravchinsky et al. (2002) , our J 3 Tergen TC pole shows a large counter-clockwise rotation of 26.2 • ± 7.3 • around the site location, which should have taken place in a rather short time between the emplacement of Shadaron and Tergen effusives, in the Middle-Late Jurassic. In contrast, both poles (Shadaron and Tergen) computed from the in situ palaeomagnetic data appear consistent with each other, and with the Amuria palaeopoles of Zhao et al. (1990) (Fig. 8) .
We, therefore, face a paradoxical situation where our Late Jurassic Tergen effusives (but also the Middle-Late Jurassic Shadaron Formations) would have been remagnetized, after tilting of the formation, in a magnetic field consistent with the Late Jurassic palaeopoles of Amuria, based on the results of Zhao et al. (1990) . It seems reasonable to exclude a later remagnetization age, because all of the Cretaceous palaeomagnetic data from UCB (Halim et al. 1998a) , Amuria (Pruner 1992 , and this study) and Siberia (this study) are fully consistent with each other, at least in terms of palaeolatitude differences of sampling areas, as discussed in the next section. If we admit that the Tergen magnetization is indeed a J 3 magnetization, we may consider two possible causes for this anomalous situation. Following one of the possibilities advocated by Kravchinsky et al. (2002) for the Shadaron J 2−3 Formation, one could suggest that the effusives were emplaced after the sedimentary beds were tilted, therefore, implying an erroneous tilt correction. If this explanation is valid for the interbedded andesites, where bedding plane is always difficult to identify in the field, a part of our Tergen collection is made of basalt flows samples, where the tilting could be confidently evaluated in the field. To this, we prefer to recall that, following Zonenshain et al. (1990) , the Jurassic Formations of Amuria have been folded in Late Jurassic-Early Cretaceous times, in the active tectonics of the Mongol-Okhotsk Ocean closure. We thus propose a scheme where the Middle to Late Jurassic Shadaron and Tergen Formations have suffered an early remagnetization event at the very end of the Jurassic (and/or beginning of the Cretaceous?), most probably because of their proximity to the Mongol-Okhotsk active suture zone. We cannot go further in the estimates of remagnetization age. In effect, both interbedded Shadaron and Tergen effusives are palaeontologically dated, and as cited by Zhao et al. (1990) , Jurassic effusives from Inner Mongolia show a large range of radiometric ages, from 139 to 199 Ma. Accounting for the above discussion, and the time required to remagnetize the Shadaron and Tergen Formations after the folding, we suggest an older limit at 140-150 Ma for the Manzhouli, Hua'an, Shadaron (in situ) and Tergen (in situ) palaeopoles.
The last step in the analysis of these J 3 poles is to attempt to compute an average palaeopole for Amuria. As is obvious in Fig. 8 , the Shadaron (in situ), Tergen (in situ) and Hua'an palaeopoles are well grouped, whereas the Manzhouli palaeopole shows a slight clockwise rotation around the site location with respect to this group. We, therefore, allowed this pole to rotate freely around its site location, and computed the average palaeopole position as a mixed average of the small-circle passing through Manzhouli pole and centred on its site location, and the other three (fixed) palaeopoles. The resulting average 140-150 Ma pole for Amuria that we propose lies at (Table 3) : λ p = 72.6 • N, φ p = 262.3 • E (k = 358.8, A 95 = 5.2 • , n = 4), and is shown as a large grey star in Fig. 8 . Following the above line of discussion, we consider that this pole could be characteristic for the Late Jurassic of Amuria block. It should be noticed, however, that because of numerous assumptions (e.g. remagnetization of Shadaron and Tergen Formations, rotation of Manzhouli pole, etc.) this pole has a rather tentative position, but we suggest that it may be used for the discussion of palaeolatitudes. Compared to the European reference APWP (Besse & Courtillot 2002) , this pole is clearly far sided, as seen from the sampling area. In terms of relative movement between Siberia and Amuria since the Late Jurassic, this difference reflects a significant northward movement with respect to Siberia, of an arbitrary reference point within the Amuria block (50 • N, 119 • E) of 24.7 • ± 6.7 • , when compared to the 150 Ma pole of the reference APWP, and 15.2 • ± 6.4 • when compared to the 140 Ma pole. In terms of rotation of Amuria with respect to Siberia, the average Amuria J 3 pole exhibits a slight, perhaps insignificant, counter-clockwise rotation of −7.1 • ± 14.6 • to −12.8 • ± 11.4 • when compared to the reference APWP poles at 150 and 140 Ma, respectively.
This 1700-2700 km (±700 km) of northward movement of Amuria with respect to Siberia after the Late Jurassic cannot be di-rectly translated in terms of the width of the Mongol-Okhotsk Ocean, because it also depends on the azimuth of the southern Siberia and northern Amuria margins. It would, however, suggest that the ocean was not yet closed by that time, at the longitude of our sampling site. This would contradict the tectonic scheme proposed by Zonenshain et al. (1990) who, based on geological arguments, in particular on the occurrence of marine sediments in the collision zone, proposed a Late Triassic-Early Jurassic collision of Amuria in its western part, and a progressively younger closure age toward the east, ending in the Late Jurassic-Early Cretaceous only in the eastern part of the suture. Following these authors, the ocean would have been closed by the Early-Middle Jurassic in the central part of Amuria.
Clearly, the J 2−3 database from palaeomagnetism is not yet sufficient to solve the remaining structural and palaeogeographic debates in this area. We note that there is some (weak and conflicting, but interesting) suggestions from our palaeomagnetic results that Amuria had not yet amalgamated to Siberia by the end of the Jurassic. Only new palaeomagnetic investigations in this region will help to solve the remaining uncertainties on the exact palaeoposition of the blocks composing this part of the Asian mosaic.
Early Cretaceous
The Early Cretaceous poles (Table 3) for the Ingoda River and Bichura localities from the Siberia block and for the Kremljevka Peak and Torey Lakes localities from the Amuria block are shown in Fig. 9 , where they are compared to the Early Cretaceous Taldan (Amur province) pole of Halim et al. (1998a) and three Cretaceous poles (Gobi, Chulut Tsagan Del #12 and #13) of Pruner (1992) from the Amuria block. From the Cretaceous poles of the North and South China blocks listed by Halim et al. (1998a) we have recomputed an average pole for UCB limited to the Early Cretaceous. This pole (Table 3) It is clear from Fig. 9 , that these poles are widely scattered. If we select only the poles of (proven or suspected) Early Cretaceous age (K 1 ), excluding the Torey lakes palaeopole that is discussed below, we observe that four palaeopoles coming from either side of the Mongol-Okhotsk suture (Ingoda and Bichura from the north, Kremljevka peak and Taldan from the south) align remarkably well on a small-circle centred on the average site location (52.0 • N, 115.3 • E), defined with a confidence limit of ±1.4 • (darker shaded zone in Fig. 9 ), and which contains the 100, 110 and 120 Ma poles of the European reference curve (Besse & Courtillot 2002) . We notice that the less well defined, in terms of age, Amuria Cretaceous palaeopoles of Pruner (1992) also align on a small-circle centred on site position (light shaded zone in Fig. 9) , with a larger zone of confidence (±4.0 • ) which, however, covers the whole Cretaceous part of the reference European APWP and overlaps our K 1 small-circle.
This alignment of K 1 palaeopoles from the Trans-Baikal area along a common small-circle leads to two major conclusions:
(1) there has been no relative north-south movement of Amuria versus Siberia block localities since the Early Cretaceous. This supports the hypothesis that the Mongol-Okhotsk Ocean was closed by that time. We can tentatively estimate the time of closure more precisely. According to the stratigraphic K 1 age of Taldan (Halim et al. 1998a) , to the radiometric ages of Ingoda and Kremljevka effusives (118) (119) (120) (121) (122) (123) (124) (125) (126) (127) (128) respectively) , and to the lack of reversed polarity within these localities (with the exception of the Bichura pole, which comes from mostly reverse magnetizations, and could have an earlier age), these formations could have Cretaceous 180°0°9 0°270°T orey lakes -K1 (This study #3)
Ingoda -K1 (This study #5)
Gobi -K (Pruner, 1992) Chulut Tsagan Del -K (Pruner, 1992) 
UCB -K1 (after Halim et al., 1998a) Bichura -K1 (This study #6) . Equal area projection with selected Early Cretaceous and Cretaceous palaeopoles from Amuria (circles), UCB (triangle) and Siberia (squares), with their A 95 or dp/dm areas of confidence. Dark shaded areas are the poles from the present study: Ingoda and Bichura localities from Siberia, and Torey lakes and Kremljevka peak localities from Amuria. Two small-circles centred on the average site locations are drawn: one (very light shading) passing through the Cretaceous palaeopoles of Pruner (1992) , the second (light shading) passing through the Early Cretaceous poles of Siberia and Amuria, excluding Torey lakes pole. Other conventions and Europe APWP as in Fig. 8. been emplaced in the beginning of the Cretaceous Long Normal Superchron at about 100-120 Ma.
(2) The alignment of palaeopoles along a small-circle demonstrates the large clockwise or counter-clockwise post-Early Cretaceous rotations affecting the sampling areas. With respect to the 110 Ma reference pole (80.0 • N, 183.6 • E, A 95 = 4.2 • ), these rotations amount to −20.4 • ± 15.2 • (counter-clockwise) for Kremljevka peak, −69.1 • ± 10.7 • (counter-clockwise) for Taldan, +36.7 • ± 12.3 • (clockwise) for Ingoda river and −118.7 • ± 36.0 • (counterclockwise) for Bichura. We have also roughly estimated the rotations of the Gobi desert palaeopoles of Pruner (1992) The interpretation of these rotations is not straightforward. However, we make the following observations. First, the great variability of these rotations, which range from clockwise 37 • (Ingoda river) to counter-clockwise −120 • (Bichura), demonstrates that they do not reflect a bulk rotation of the Trans-Baikal region with respect to stable Europe. Rather, it suggests that they are rotations of the sampled areas around local vertical axes, which might be due to a post-Cretaceous heterogeneous deformation of the continental crust in the vicinity of the Mongol-Okhotsk suture. Second, we note that, apart from the insignificant rotation of the Gobi pole and the clockwise (anomalous?) rotation of the Ingoda river locality, all the other poles are rotated counter-clockwise, whether they come from Siberia or Amuria blocks. Altogether, these observations are consistent with the hypothesis of Halim et al. (1998b) of the existence of a major post-Cretaceous sinistral shear zone separating Siberia from the southern regions of Asia, and accommodating the eastward extrusion of Amuria, NCB and SCB during the Tertiary, under the effect of India penetrating into Eurasia. This major shear zone, with a probable transpressive component, which could be responsible for the anomalous sense of rotation of Ingoda river region, was initially postulated by Halim et al. (1998b) as being located on the Mongol-Okhotsk suture, but our new data, together with the previous results of Pruner (1992) and Halim et al. (1998a) , suggest that it could involve a larger crustal area, covering the whole Trans-Baikal and northern Mongolia regions.
We now turn to the anomalous position of the Torey Lakes palaeopole (Table 3, Fig. 9 ), which shows a discrepancy with all of the other Early Cretaceous poles of the region. The Torey lakes basalts are supposed to be 120 Ma old, based on stratigraphic arguments and an early K-Ar date (Cherbanova & Zvonkova 1966) . We may invoke two hypotheses, both based on age uncertainties. First, if the age is indeed correct, the palaeopole position would indicate a post-Early Cretaceous northward movement of the Torey area of 19.6 • ± 3.9 • with respect to the 120 Ma Eurasian reference pole (and a counter-clockwise rotation of −28.6 • ± 8.4 • ). The same amount of northward movement would have occurred also with respect to Kremljevka peak and Taldan localities from the Amuria block, which does not seem reasonable. A second, and, in our opinion, more conceivable hypothesis would be a slightly older age for these basalts. In effect, if these basalts are a little older by, say, 20-30 Ma, and recalling the rapid closure of the Mongol-Okhotsk Ocean as discussed above, the palaeopole here obtained would be consistent with the Late Jurassic poles and thus could constrain the closure of the ocean at the Late Jurassic-Early Cretaceous boundary. In any case, only new and precise dating of these basalts could answer this question.
CONC L U S I O N S
We have presented a palaeomagnetic study of six localities of Jurassic and Early Cretaceous effusives from both sides of the Mesozoic Mongol-Okhotsk suture, which cuts the Trans-Baikal region of South Siberia, separating the Siberia block to the north from the Amuria block to the south. This suture represents the northern block limit of the tectonic system comprising the Asian mosaic. Our objective was to answer two main questions:
(1) can the Jurassic closure of the Mongol-Okhotsk suture, as proposed by Zonenshain et al. (1990) , be confirmed and made more precise;
(2) what is the role of this boundary in the Tertiary tectonic evolution of the Asian mosaic (Chen et al. 1993; Halim et al. 1998b) as India indents into Asia? To these two questions, despite difficulties due to often poor outcropping conditions in these remote areas, and to somewhat complicated palaeomagnetic results, our new data may contribute some answers.
For Jurassic times, our Monostoy J 1 pole from the Siberia block, although rotated about a local vertical axis, is consistent in palaeolatitude with the Early Jurassic part of the European APWP. In contrast, the Tergen J 3 pole from the Amuria block is discordant with this APWP. However, it agrees with the J 2−3 Shadaron pole of Kravchinsky et al. (2002) obtained in the same region, and the J 3 Manzhouli and Hua'an poles of Zhao et al. (1990) from Inner Mongolia. Altogether, these poles suggest that the Mongol-Okhotsk Ocean was still open at the end of the Jurassic. This result conflicts with the interpretation of Zonenshain et al. (1990) who proposed a Middle Jurassic closure. Turning to Early Cretaceous times, our data from both sides of the suture, although quite scattered, but aligning on a common small-circle, indicate that the accretion of Amuria to Siberia was achieved by that time. The evolution of this closure is illustrated in Fig. 10 where we have drawn palaeolatitude as a function of time for a reference point currently situated at 51 • N 112 • E (Table 2) on the suture itself (see Fig. 1 ). This Fig. suggests that the intervening ocean was widely opened in Late Jurassic time ( λ = 26.8 • ± 6.8 • between points 3 and 8 in Fig. 10) , and closed by the Early Cretaceous. This means that the Mongol-Okhotsk Ocean closed rapidly with plate velocities on the order of ∼15 cm yr −1 . This conclusion is now based for the first time on palaeomagnetic data coming from both the Siberia and Amuria blocks, in the vicinity of the Mongol-Okhotsk suture itself.
The broad small-circle distribution of Cretaceous palaeopoles indicates that the Trans-Baikal area has suffered significant post-Cretaceous heterogeneous deformation marked by variable amounts of rotation of the sampled sites around local vertical axes. These rotations are almost all counter-clockwise, with the exception of the anomalous clockwise rotation of the Ingoda river locality in Siberia (locality 5, Fig. 1 ). This supports the idea that the Mongol-Okhotsk suture, or more generally the Trans-Baikal area, acts as a transpressive sinistral megashear, as proposed by Halim et al. (1998b) , allowing eastward extrusion of Amuria and the NCB and NCB in the Tertiary, due to the penetration of India into Eurasia. Fig. 1) . The European and NCB APWP's are shown as continuous lines with shaded areas of confidence. Points labelled a, b and c are computed from the Permian poles of Kravchinsky et al. (2002) . Numbers 1-16 refer to poles listed in Table 3 , labels #1 to #6 in italics between brackets refer to locality numbers of the present study (Fig. 1) ; closed (open) symbols: palaeolatitudes computed from poles from Amuria (Siberia); squares (circles): present (previous) studies; grey symbols: points of lower reliability as discussed in text; dotted line represents the closure of the Mongol-Okhotsk Ocean, between {8-10} and {4-6, 11 and 13} groups of points, at a rate of 15.3 ± 11.6 cm yr −1 .
This indicates that this neglected block boundary probably plays a major role in the Tertiary tectonics of Asia. Finally, although our new data bring useful insights into Asian late Mesozoic and Tertiary tectonics, we feel that further investigations are needed, in particular to get palaeomagnetic data with better stability tests, obtained on well-dated formations. The problem of dating is crucial, because of the contradictions that exist between the geological and palaeomagnetic estimates of the time of closure of the Mongol-Okhotsk Ocean.
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